No 3 microcirculation in patients with this disorder. The mechanism of this phenomenon remains unclear, however, transient coronary microvascular abnormalities are apparently involved. Further research will be needed to clarify the pathogenesis of this form of left ventricular systolic dysfunction.
SUMMARY
Reversible left ventricular wall motion abnormalities mimicking myocardial infarction have been reported in patients with a noncardiac illness. Their coronary angiograms do not demonstrate organic stenosis or epicardial coronary vasospasm. In this article, two cases of reversible left ventricular contraction abnormality are presented. Electrocardiography showed deep inverted T waves in precordial leads, and the echocardiography revealed diffuse akinesis of the apical region in the acute phase. Coronary angiography showed no significant stenosis or occlusion in either patient. Thallium scintigraphy showed no defect, while the metaiodobenzylguanidine scintigraphy demonstrated significant defects in the apex. The relative coronary flow reserve ratio, measured with an intracoronary Doppler flow wire, was significantly reduced in both patients. Myocardial contrast echocardiography revealed a reversible perfusion defect in the apex in the acute phase in case 2. Transiently impaired coronary microcirculation was thought to be involved in the pathogenesis of the reversible left ventricular dysfunction observed in these patients. patients with an acute noncardiac illness. 1) They reported the occurrence of prolonged but reversible contraction abnormalities complicating the hospital course of patients with a variety of acute noncardiac illnesses. The patients demonstrated characteristic abnormalities of the T wave and QT interval on ECG. Reversible left ventricular dysfunction is observed in patients under strong emotional stress or in patients with subarachnoid hemorrhage. [1] [2] [3] [4] [5] [6] [7] The exact mechanism of this phenomenon, however, is still unknown.
We report two cases that showed acute reversible wall motion abnormalities without any corresponding coronary stenosis or structural heart disease. The relative coronary flow reserve (rCFR) was significantly decreased in both patients. Myocardial contrast echocardiography of the left ventricle revealed a reversible perfusion defect in case 2. Our findings suggest that reversible coronary microvascular impairment is involved in this transient left ventricular dysfunction.
CASE REPORTS
Case 1: An 83-year-old Japanese man with a history of hypertension and chronic renal failure was admitted to our hospital for the treatment of worsening dyspnea lasting for 7 hours. Initial laboratory data yielded the following: white blood cell count 10,000 / µl, aspartate aminotransferase (GOT) 59 IU / l, lactate dehydydrogenase (LDH) 454 / IU / l, and creatine kinase (CK) 843 IU / l (CK-MB; 21 IU / l). An ECG showed complete right bundle branch block, and ST elevation was observed in V 3,4 ( Figure 1A ). Echocardiography revealed severe akinesis in the apical region. Acute myocardial infarction of the anterior wall was suspected. Emergent coronary angiography, however, revealed no significant stenosis or occlusion in the coronary arteries ( Figure 2 ). Left ventriculography revealed diffuse hypokinesis of the left ventricle, especially in the apical region Figure 3A, B) . A thallium scan showed no defect, whereas an Iodine-123 metaiodobenzylguanidine (MIBG) scan demonstrated markedly decreased uptake in the apical region with an increased washout ratio ( Figure 4 ). The ECG showed marked inverted T waves in the precordial leads 1 week after admission ( Figure 1B, C) . Echocardiography revealed an improvement in left ventricular function three weeks after admission.
The catheterization was repeated four weeks after admission, when the left ventricular function had not yet fully recovered. The left ventriculography showed significant improvement in left ventricular function (Figure 3 C, D) . The provocation test for coronary spasm with intracoronary acetylcholine induced significant stenosis only in the diagonal branch. The relative coronary flow reserve (rCFR) was measured at the mid portion of the left anterior descending artery using a 0.014-inch intracoronary Doppler flow wire (Flomap, Endosonic, CA, USA) with an intracoronary injection of 2.5 mg of isosorbide dinitrate and 50 µg of adenosine triphosphate disodium (ATP). The coronary flow at baseline was 26 cm / sec, and the flow at maximal coronary vasodilation was 35 cm / sec, which gives an rCFR of 1.3. Endomyocardial biopsy revealed patchy interstitial fibrosis, swelling of the nucleus, and mild infiltration of polymorphonuclear leukocytes ( Figure 5 ). The patient was clinically stable and was discharged after the initiation of chronic hemodialysis. Case 2: A 75-year-old Japanese female had been admitted to our hospital for the treatment of a tumor in the lung. After fiberoptic bronchoscopy, she experienced chest discomfort. Her blood pressure was 132 / 76 mmHg, and her pulse rate was 92 beats per minute. The white blood cell count was 10,300 / µl, and the serum creatin kinase level was 216IU / l with a CK-MB of 14IU / l. The ECG showed sinus tachycardia and inverted T waves in leads II, III, aV F , and V 3-6 ( Figure 6B ). Echocardiography revealed severe hypokinesis in the apical region of the left ventricle. The myocardial contrast echocardiographic studies were performed by intravenously administering 4 ml of Levovist (Schering, Germany). Contrast echocardiography of the left ventricle revealed a perfusion defect in the apex ( Figure 7A ). Coronary arteriography showed no significant stenosis (Figure 8 ). The rCFR, measured with 50 µg of ATP as described above, was 1.8. Thallium scintigraphy revealed no defects, whereas MIBG scintigraphy demonstrated markedly decreased uptake in the apical region ( Figure 9 ).
Follow-up echocardiography demonstrated a marked improvement in left ventricular systolic function four weeks after the onset of symptoms. The contrast echocardiography of the left ventricle using intravenously administered Levovist revealed a homogenous signal in the myocardium, suggesting that the coronary microcirculation abnormality was reversible ( Figure 7B ). 
DISCUSSION
A reversible contraction abnormality involving the apical region of the left ventricle can complicate the clinical course of critically ill patients in the absence of coronary artery disease. 1) These patients have the following characteristics: the appearance of deep T-wave inversion in the precordial leads of the ECG, the presence of apical wall motion abnormality on an echocardiogram, and mild CK elevation. 1) Apical left ventricular dysfunction without any lesions in the corre- sponding coronary arteries is reported to occur in many clinical circumstances, especially after strong emotional stress or in subarachnoid hemorrhage. [1] [2] [3] [4] [5] [6] [7] The pathogenesis of the apical left ventricular dysfunction is thought to be a result of epicardial vasospasm, 8) myocarditis, 2) catecholamine cardiotoxicity, 9) cardiomyopathy, 5) or microvascular dysfunction. 7) The exact mechanism of this transient left ventricular dysfunction remains uncertain.
Kawai, et al first described the pathological changes in patients with this transient left ventricular dysfunction in noncardiac illnesses, and called it ampulla cardiomyopathy. 5) They demonstrated pathological changes consisting of focal myocyte injury, myocardial depletion with cell infiltrates, including polymorphonuclear leukocytes, or focal fibrosis. Transient left ventricular dysfunction with similar pathological changes has been described in patients with acute cerebral injury. [10] [11] [12] Left ventricular dysfunction in patients with severe acute brain injury is also a reversible phenomenon, as reported in rats 13) and humans. 14) Reversible left ventricular dysfunction in patients with a noncardiac illness may have the same pathogenesis as the disorder seen in patients with acute brain injury. In a detailed histological analysis in experimental brain injury, increased intracranial pressure resulted in microvascular lesions in rat hearts. 11) Myocardial damage in these experimental animals was believed to be the result of either microvascular abnormalities or a direct toxic effect of the marked catecholamine increase. Sadamatsu and coworkers first reported that patients with this form of reversible left ventricular dysfunction have an impaired coronary microcirculation. 7) They also reported that an MIBG scan showed a significant defect in the apical region. They concluded that microvascular dysfunction and sympathetic nervous abnormalities might be responsible for the reversible contractile impairment.
In the present two cases, coronary angiography revealed no occlusion in the coronary arteries, and the left ventricular dysfunction was reversible. Thallium scintigraphy showed no defect, and MIBG scintigraphy showed significantly decreased uptake in the apical region. The rCFR measured with a Doppler flow wire was significantly decreased in both cases, suggesting that the coronary microcirculation was impaired, as Sadamatsu, et al 7) have already stated. In case 1, an endomyocardial biopsy revealed the same pathological change as seen in Kawai's report. 5) The decreased rCFR might be a result of either impaired coronary microcirculation or myocardial damage. However, the decreased left ventricular perfusion measured with myocardial contrast echocardiography was reversible in case 2, suggesting that the coronary microcirculation abnormality was a reversible event. Reversible coronary microvascular impairment, rather than myocardial histological change, seems to be associated with the pathogenesis of the ventricular dysfunction seen in these patients. This is the first report to demonstrate the reversibility of impaired coronary
